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Claims: We claim 

1) A method of increasmg the router finout m a redundant multi-stage networic which 
minimizes the impact on throughput bandwidth, 
5 where the multi-stage network has a plurahty of rows, 

where the rows have a plurality of routers, 
w&ere each router has a plurality of ports, 

w&ere the number of new routers is equal to the number of rows^ md 
where external port is any top port on a new router in the &st row or any bottom port 
10 on a new router in the las* row 



con^rising tiie step of. 

15 

a) selecting a previously unselected row in which to insert a new router; 
5S b) selecting the position within the sekctedix>w to insert t^ 
S c) inserting the new router in the selected position within the selected row; 
Cii d) repeating steps a), b), and c) for all the rows which have not been previously selected; 
:|j e) rewiring any port of any router in any row which is not connected to the proper port of 
H the proper router; 

''4 f) repeating step e) for all the ports which are not (xwrnected to the proper port of the proper 

router and have not been previously selected; 
% g) connecting all external ports ofnew routers in the first row and the last row; and 

y h) activating all external ports ofnew routers in the first row and the last row. 

ly 

Ill 2) ThenjethodasckimedinCaaiml,\^eremthestepe)isrep 
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e) either rewiring any port of any router in any row wliich is not connected to the proper 
port of the proper router or permuting the kbeling of the router ports of any router to 
reduce the number of connections which have to be rewired; 

35 whereby reducing the number of connections that have to be rewired and thus reducing the 
reducing the effect on the throughput bandwidth. 
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3) A medjod of increasing the width of a redundant multi-stage network vAdoh minimizes the 
intact on throughput bandwidth, 

vs*iere the multi-stage network has a ptarality of rows, 
where the rows have a plurality of routers, 
\\4iere each router has a plurality of ports, 

vjkere the number of new routers is equal to the number of rows, and 
vsiiere external port is any top port on a new router in the JBrst row or any bottom port 
on a new router in the last row 

conq)rii^ng the steps o£ 

a) selecting a previously unselected row in which to insert a new router; 

b) selecting the position withm the selected row to insert the new router; 

c) inserting the new router in tiie selected position within the selected row; 

d) rewiring the connections to and from the selected row which are not connected to the 
proper port of the proper router in the selected row; 

e) repeating the previous steps for all the rows which have not been previously selected; 

f) connecting all external ports of new routers in the first row and the last row; and 

g) activatmg all external ports of new routers in the first row and the last row. 

4) The method as claimed in Claim 3» wherein the stq> 

h) permuting the labeling of the router ports to reduce the number of comiections which have 
to be rewired; 

is mserted between steps c) and d), whereby reducing the number of connections that have to 
be rewired and thus reducing the reducing the effect on the throughput bandwidth. 



5) The selection of a previously unselected row as claimed in step a) of Claim 3, vsiierein the row 
is the middle row or closest to the middle; whereby the selected row has the greatest 
topological tedanAmcy, thus redudng the effect of any rewiring on the throughput bandwidth. 
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6) The method of Claim 3, wherein 

all the new routers are first connected to form a cohimn with the same number of rows as 
the multi-stage network; 

the new router in step b) is a column router with a row which corresponds to the selected row 
in step a); and 

the position selected m step b) is at the same end of the row as the previously selected new 
routers; 

whereby the first connected cohmm routers reduce the number of connection that have to be 
rewired and thus reduce die impact on the throughput bandwidth. 

7) The rewiring of the connections to and firom the selected row vAnch are not connected to the 
proper port of the proper node in the selected row as claimed m step d) of Claim 3, vAerein 
ports not currently comiected are gtven priority; whereby reducing the number of 
disconnected connections at any given time and thus reducmg the impact on throughput 
bandwidth. 
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8) A method of increasing the width of a redundant multi-stage network which minimizes 
the impact on throughput bandwidth as shown in Fig. 14, 
>7diere the multi-stage network has a plurality of rows, 
where the rows have a plurality of routers, 
where the routers have a plurality of ports, 

where current_row is a variable which indicates a row of the multi-stage network, 
vrfiere N is a variable vMoh indicates a column of the multi-stage network, 
where number_jofrows is a constant equal to the number of rows in the 

multi-stage network, 
where R(row, column) is a variable which indicates a router in a multi-stage 

network, and 

where insertion_podtion(x) is a fimction which indicates 

the position in a row a new router should be inserted 
where extOTial port is any top port on a new router in the first row or any bottom port 

on a new router in the last row 

conoprismg the steps of: 

a) begm, 

b) setcurrentjrowtoO, 

c) msert router R(currettt_row, N) into position hisertionj)osition(current_row), 

d) if current_row > 1 then go to step e else go to step g, 

e) if bottom port of router R(currentj:ow-l, N) is connected to any top port of router 
R(current_row, N) then go to step f else got to step g, 

f) connect bottom port of router R(currentjrow- 1, N) to top port router R(currettt_row, N), 

g) increment current row, 

h) if current row < number of^rows) then go to step c else go to step i, 

i) if there are any misconnected ports then go to step 1 else go to step j, 
j) connect and activate all disconnected external ports, 

k) end 

1) if there are any ports that are not connected to then appropriate ports then go to step m 
else go to step j, 

m) select port not connected to its appropriate port and call it correspondingjport, 
n) if current_port is aheady connected then go to step o else go to step p, 
o) disconnect current jort fi'om existing connection, 

p) if correspondingjport is already connected then go to step q else go to step r, 
q) disconnect corresponding_port from existing connection, 
r) connect current_port to correq)Ottdingj)ort and go to step L 
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9) The method as clamed m steps a) through r) of Claim 8, wherein steps 

t) if there are any routers vAioso ports can be relabeled then go to step u else go to step X 
u) relabel the appropriate ports in that router and go to step i, 

are added and step i is replaced by a new step i, 

i) if there are any misconnected ports then go to step t else go to step j, 

wha*eby the router ports are examined to see if a connection can be avoided by re-labeling the 
ports. 
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10) A method of increasing the width of a redundant muM-stage network vMok 
Buniniizes the impact on throughput bandwidth as shown in Fig. 15, 
vAete the nmhi-stage network has a phirality of rows, 
vrfiere the rows have a plurality of routers, 
where the routers have a plurality of ports, 

w^ere current jrow is a variable which mdicates a row of the muM-stage network, 
where N is a variable \!s4uch indicates a cohtmn of the multi-stage network, 
v^ere number_of_rows is a coni^t equal to the number of rows m the 

multi-stage network, 
where R(row, column) is a variable which indicates a router in a multi-stage 

network, 

vJkere iasertion josition(x) is a fimction which selects 

tiie position in a row a new router should be inserted, 
where rindex is a variable which indicates a row of the nmhi-stage network, 
where row_select(x) is a fimction which selects a row hx the multi-stage network, 
\s^ere current jport is a variable Ai^ch indicates a router port, 
where port jselect(x) is a fimction which selects a router port, and 
where corre^ondingjport is a variable which indicates a router port, and 
where external port is any top port on a new router in the first row or any bottom port 
on a new router in the last row 

con:q>rismg the stqps o£ 

a) begin 

b) set current_TowtoO, 

c) insert router R(current_row, N) into position insertionjposition(cuirent_row), 

d) if current jrow > 1 then go to step e else go to step g, 

e) if bottom port of router R(currentjrow-l, N) is connected to top port of r< 
R(cttrrent_row, N) then go to step f eke go to step g, 

f) connect bottom port of router R(curretttjiow-l, N) to top port router R(cuiretttjrow, 1 

g) ittcrement current_row, 

h) if currentjrow < number_ofrows) then go to step c else go to step i, 

i) setiindextoO, 

j) set currentjrow to row__select(rindexX 

k) set current j>ort to port picked by port_select(x), 

1) set correspondingjport to the port tiiat current jport diould be connected to, 

m) if there are more ports to select then go to step n else go to step t, 

n) if currentjort abeady connected then go to step o else go to step p, 

o) disconnect current jport fi-om existiag connection, 

p) if current j[>ort is aheady connected then go to step q else go to step r, 

q) disconnect corresponding_j)ort fi*om existing connection, 

r) comiectcuirent^port to correspondingjport, 

s) increment rindex, and 

t) if rindex < number_of_rows th^ got to step j else go to step u, 
u) connect and activate all disconnected external ports, and 
v) end. 
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1 1) The method as claimed in steps a) through v) of Claim 10, wherein step 
w) relabel ports of current jrow 

5 

is inserted between step j and step whereby the router ports are relabeled to avoid the 
need to make a connection. 
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12) The port relabeling method as claimed in step w of Claim 1 1 as shown in Fig. 18, 
where bport is a bottom port of a router, 
where ^ort is a top port of a router, 
where dest rout^ is a router, and 
15 \^diere dest_port is a port, 

iZ vs^ierein the port relabeling method con^rises the steps: 





a) 


begin 


i 


b) 


set bport to left most bottom router of the row 




c) 


set source router to be the one bport belongs to 


M 


d) 


set dest j-outer to be the one bport is connected to 




e) 


if bport is supposed to be connected to dest router then go to step f else go to step h. 


»: 




if any port on source router is supposed to be comiected to destjrouter then go to step g 


s 




else go to step h. 


ill 


g) 


exchange bport with that port^ 




h) 


if there is a bottom port to the right of bport then go to step i else go to step j. 




i) 


set bport to that bottom port right of bport and go to step d. 


fy 


j) 


set tport to right most bottom router of the row. 
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k) 


set source router to be the one tport belongs to, 




1) 


set dest_port to be the one tport is connected to. 




m) 


if tport is supposed to be connected dest_port then go to step n else go to step p. 




n) 


if any port on source router is supposed to be connected to tport then go to step o else go 






to step p. 
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0) 


exchange tport with that port and go to step p. 




P) 


if there is a top port to the right of tport then go to step q else go to step r. 




q) 


set tport to that top port left of tport, and go to step 1, and 




r) 


end. 
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13) The row selection method as claimed in step j of Claim 10 as shown m Fig. 16B, 
where numjrow is the number of rows in the redvmdant multi-stage network, and 
where rowjndex is flie number of a row in the redundant multi-stage network, 

wfa^^ the port selection method con^rises the st^s: 

a) begm 

b) ifthere are an even number ofrows then go to step c else go to step :^ 

c) if the current row index is even then go to step d else go to step e, 

d) set return value to num_rows / 2 + rowJbidex/2 - 1 md go to step i, 

e) set return value to numj-ows / 2 - (rowJndex+l)/2 and go to step i, 

f) ifthe current row mdex is even then go to step g else go to stqjh, 

g) set return value to (numj-ows - 1)/2 + rowjndex / 2 -1 and go to step i 

h) set return value to (numjrows- row Judex) /2-1 and go to step i, and 

i) end 



14) The port selection method as claimed m stq> k of Claim 10 as shown in Fig. 17B, 
wherem the port selection method con^rises the steps: 

a) begin, 

b) estabHsh scanning ord^ of disconnect pcnts, 

c) set test port to first port in scanning order, 

d) find corresponding port to test port, 

e) if the corresponding port is connected then go to step f else go to step o, 

f) if there is a port next in the scsmning order th^ go to step d else go to step g, 

g) set test port to fir^ port in scanning order, 

h) find the connection to the corresponding port to test port, 

i) if either router connected to this connection already have a disconnected port then go 
step j else go to step p, 

j) if there is a port next m the scanning order then go stq) k else go to stq> L 

k) Set test port to next port in scanning order and go to step h, 

1) if there is a disconnected port then go to ^ep q else go to step m, 

m) if there is a pott not connected to its proper port then go to r else go to step n, 

n) report no ports need rewiring and go to step s, 

o) set return value to tei^ port and go to step s, 

p) set retum value to test port and go to step s, 

q) setretumvaluetothisport andgoto step s, 

r) set retum value to this port and go to st^ s, 

s) end 
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15) The port selection method as claimed in step k of Claim 10 as shown in Fig. 17A, 
where test_j)ort is a variable which indicates a port value, 

vdierein the port selection method conoprises the steps: 

a) begin, 

b) if a bottom port was disconnected in the previous step then go to step h else go to step 

c) establish scanning order of bottom ports, 

d) set testjport to first port m scaxming order, 

e) if the test_port is connected to its proper port then go to step f else go to step i, 

f) if there is a port next in the scanning order then go to step g else go to step j, 

g) set testjport to next port in scanning order and go to step e, 

h) set return value to the disconnected port and go to step k, 

i) set return value to testjport and go to ^ep k, 

j) report no ports need rewiring and go to step k, and 
k) end. 



16) The port selection method as claimed in step k of Claim 10 as shown in Fig. 17C, 
vAierem the port selection method conqprises the steps: 

a) begin, 

b) get "port fifo" from previous selection call, 

c) if the fifo is empty tiien f else go to step d, 

d) set return value to top of fifo, 

e) remove top of fifo go to step k, 

f) load "port fifo" with all disconnected ports, 

g) if the fifo is empty then go to step h else goto step d, 

h) if there is a port not connected to its proper port then go to step i else go to step j, 

i) set return value to this port and go to step k, 

j) report no ports need rewhing and go to step k, and 
k)end. 



